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DEVICE FOR TESTING A MATERIAL THAT CHANGES SHAPE 
WHEN AN ELECTRIC AND/OR MAGNETIC FIELD IS APPLIED 

Field Of The Invention 

The present invention relates to a device for testing a material that changes shape when an 
electric and/or magnetic field is applied. 

Background Information 

The piezoelectric effect, as it is called, has been known since 1880 and was discovered by J. 
and P. Curie. Such materials develop an electric charge in deformation under mechanical 
stress or they change their shape when an electric field is applied. The latter is also known as 
the "inverse piezoelectric effect" and is utilized in a variety of ways, especially in technology. 

Some naturally occurring piezoelectric crystals such as quartz as well as a wide variety of 
synthetically produced ceramic materials such as titanates or niobates have good piezoelectric 
properties. Plastics having piezoelectric properties are also conventional. For example, the 
piezoelectric effect of the synthetic polymer polyvinylidene fluoride (PVDF) exceeds that of 
crystalline quartz by a factor of three to five. 

So far, the change in shape of samples has been measured in the development of piezoactive 
materials. However, one disadvantage here is that minimal changes in shape are measured, 
especially when using comparatively small samples. This leads to comparatively slow, 
complicated and uneconomical methods of testing such materials, so that corresponding 
devices and methods can be used only to a limited extent, e.g., in the case of numerous 
material samples. 

Summary Of The Invention 

An object of the present invention, however, is to propose a device for testing such materials 
which will permit a rapid characterization of the material and at the same time can be 
implemented with a much lower structural complexity. 

Accordingly, a device according to the present invention is characterized in that at least one 



thermal sensor is provided for detecting a change in temperature of the material. 

Applying an electric and/or magnetic field causes a change in the corresponding field, which 
leads in particular to a certain heating of these materials. With the help of a thermal sensor 
5 according to the present invention, it is possible in an advantageous manner to detect the 

change in temperature of the material. This permits a comparatively rapid characterization of 
a material, in particular an initial characterization in the development of a material, without 
any great effort. 

10 According to the present invention, an initial characterization which is especially favorable 

economically can also be implemented especially with numerous different materials. For 
lZ example, on the basis of this qualitative test, it is possible to make a selection of materials 
□ with and without corresponding properties, so that the number of materials optionally to be 
fy investigated further can be reduced significantly in an advantageous manner. 
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,y The thermal sensor is advantageously designed as a radiation detector for electromagnetic 

M radiation. In this way, the thermal sensor can operate by a non-contact principle. In addition, a 

o 

i y very rapid measurement can be performed in this way. Such a radiation detector is provided 

as 

^ to advantage in the field of thermal radiation, especially infrared radiation, because the 

2® greatest possible changes in signal are to be expected here with a change in temperature, and 

thus a good measurement accuracy is possible. Such a thermal sensor can be implemented 

with the help of an infrared thermal camera, for example. 

The thermal sensor is preferably designed to have local resolution, so that in particular areas 
25 of material that have been heated to different extents locally can be detected. In an 

advantageous manner, optical elements can be used here for focusing, for example, so the 
resolution of an optimum recording unit can be improved. 

As an alternative, however, non-optical thermal sensors, e.g., bimetals or the like, can also be 
30 used. According to the present invention, recording units having local resolution are also 
advantageous in these embodiments. 
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In an advantageous refinement of the present invention, an imaging unit is provided, so that 
an imaging record of the material to be tested can be obtained. For example, a photographic 
unit or a camera unit may be used here, in particular having at least one optical lens. 
Preferably commercial imaging units, optionally with minor modifications, may also be 
5 provided here. 

The imaging unit according to the present invention may also be used in an advantageous 
manner for detecting and analyzing a change in shape or size, thus permitting a method of 
testing the material that is especially favorable economically. 

10 

In all the embodiments of the present invention, a uniform detection of a test surface of the 
material is preferably implemented. This can be accomplished in particular by using an 

p almost parallel arrangement of the thermal sensor with respect to the test surface of the 

F!i material. 

f ' y In an advantageous refinement of the present invention, a unit is provided for varying the 
l'= electric and/or magnetic field. In this way, the material to be tested can be heated to a 
m particularly great extent, e.g., through a comparatively rapid change in the electric and/or 

s " Z magnetic field, so that in addition to materials having especially marked shape-changing 
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26 properties, materials having less pronounced shape-changing properties can also be detected 
in particular. At the same time, a thermal sensor having a lower sensitivity can also be used as 
a result of this measure, which can in turn improve the use of a device according to the 
present invention from an economic standpoint. 

25 A unit is preferably provided for periodically varying the electric and/or magnetic field. This 
makes it possible to produce a sinusoidal, square-wave or similar characteristic of the 
periodic change in the electric and/or magnetic field applied to the material, e.g., by using a 
commercial generator. 

30 The material to be tested is advantageously arranged on a substrate. This guarantees that 
comparatively small samples of material in particular can also be handled by using an 
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appropriate substrate carrier. Similarly, small samples of material are sufficient for an initial 
characterization and optionally permit an advantageous method of producing the material 
samples including the substrate. 

In another embodiment of the present invention, a temperature control of the substrate is 
provided. In this way, it is possible to set a constant temperature of the substrate, for example, 
so that a change in temperature of the substrate cannot have a negative effect on testing of the 
material. The substrate here can be thermostatically regulated by a climate chamber, a heating 
device or a cooling device and/or the like. Optionally, a substrate of suitably large dimensions 
and having comparatively good thermal conductivity properties will also permit adequate 
temperature control. 

In an advantageous refinement of the present invention, electric contacting of the material to 
be tested is provided. For example, electric contacting can be implemented by a method of 
applying the material, e.g., by sputtering, by gluing a layer of metal or by similar methods. 
Applying an electric and/or magnetic field to the material to be tested can be implemented 
without any great complexity by using the contacting method according to the present 
invention. 

A detection unit is preferably provided for detecting the portion of the heating of the material 
attributed to the electric current. It is guaranteed here that only the portion of heating of the 
material that can be attributed to the electric current can be detected. This permits 
compensation for the heating of the material caused by the electric current. In a preferred 
embodiment, an analyzer unit is used for compensation of the temperature increase, detected 
by the thermal sensor in the material to be tested, with the portion of the heating of the 
material attributed to the electric current. In this way, only the change in temperature of the 
material caused by applying the electric and/or magnetic field can be detected, so that 
possible mistakes in measurement by using the thermal sensor can be prevented in an 
advantageous manner. 

In another embodiment of the present invention, at least two different test areas are provided 
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on the substrate, these test areas optionally having different materials. In this way, 
comparatively rapid testing of a wide variety of materials can be implemented with a device 
according to the present invention in an advantageous manner. 

5 Preferably the different test areas can optionally be detected with just one photograph by the 
imaging unit according to the present invention. In particular, the advantageous imaging 
properties of this unit permit a rapid characterization of the individual test areas here. 

In an advantageous refinement of the present invention, numerous different test areas having 
10 a similar composition are provided. For example, corresponding materials are produced on a 
substrate by using the conventional methods of combinatory chemistry. 

□ 

5 In an advantageous manner, numerous different test areas are arranged in a grid pattern on the 
fU substrate. This additionally improves the rapid characterization of individual test areas, in 
1 particular on the basis of a systematization of the arrangement of test areas, which is 

!,y comparatively simple to implement. 
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fy A measurement unit is advantageously provided for measuring the change in shape of the test 
j!C object. This guarantees that the material to be tested or the different test areas can also be 
i& tested quantitatively, in particular according to detection of the change in temperature of the 
material according to the present invention. For example, this permits a classification of 
materials on the basis of changes in shape which occur to varying degrees. 

Preferably an optical measurement unit is provided for detecting changes in shape and/or 
25 length. In an advantageous manner, an incident beam of light striking the test object at a 
predetermined angle and reflected on the object can be in particular by electric contacting 
applied to the material to be tested, so that a change in shape of the material leads to a change 
in deflection of the reflected beam of light or laser beam. By analyzing the deflection of the 
beam of light or the laser beam, the change in length of the material to be tested can be 
30 determined. 
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By using the imaging unit according to the present invention, the change in shape of the 
material can also be quantified. A three-dimensional measurement of the material to be tested 
can be implemented here by using an advantageous combination of the imaging unit with 
measurements of the change in shape and/or length as described above. 

5 

Brief Description Of The Drawings 

Figure 1 shows a schematic diagram of a device according to the present invention. 

Figure 2 shows a schematic diagram of the material to be tested during a measurement of the 
10 change in length. 

Figure 3 shows a schematic diagram of the material to be tested during a second measurement 
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P of the change in length. 
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15jj Detailed Description 
[,u Figure 1 shows a schematic diagram of a device according to the present invention, where a 

n 

test material 2 that changes shape when an electric field is applied is tested by using an 

□ 

m infrared thermal camera 1. Numerous different material samples 2 are arranged here in a grid 
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|!l pattern on a substrate 3. Test materials 2 are preferably ceramics, plastics or the like which 
2^ are tested with regard to their piezoactive property. IR thermal camera 1 detects the entire 
area of substrate 3. 

Substrate 3 is thermostatically regulated on a heating plate or in a climate chamber in a 
manner not discussed in further detail here. 

25 

Substrate 3 may be made of aluminum oxide, for example, or it may be a platinum-doped 
silicon wafer. Various test materials 2 are applied to substrate 3 by methods that are already 
known. Numerous different test areas 2 arranged in a grid pattern on substrate 3 are produced 
by conventional screen printing and lithography methods. 

30 

The top side of test materials 2 is provided with a metal layer 4 as electrode 4, this layer being 
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applied by sputtering, for example. This metal layer 4 guarantees both electric contacting of 
test material 2 and a comparable emission coefficient of individual test materials 2. 

To test such test materials 2, an electric field in particular is applied in the area of test 
5 materials 2. A wire or spring contact (not shown in detail here) may be provided for this 
purpose. For testing such test materials 2, an alternating field, which is switched 
comparatively rapidly, is applied to test materials 2. The heating due to electric power 
(resistance heating) is determined here by determining the conductivity. An analyzer unit (not 
shown in detail) is capable of compensating this heating of test materials 2 caused by 
10 resistance heating, so that only the heating which occurs due to the piezoactive property of 
test materials 2 can be determined. 

□ As an alternative to this, an electrically insulating layer can be applied beneath electrode 4, 

| : y i.e., between test material 2 and electrode 4, so that no electric current flows through test 

l!5*J material 2, but instead the test material is exposed to the electric field. The electrically 

'«y insulating layer may be made of aluminum oxide, for example. The electric field is generated 

|i£ here by electrode 4 and electrode 5, arranged above and below test material 2. 

I'M 

In the embodiment of the present invention mentioned last, upper electrode 4 is used in 
20= particular to reflect a beam of light or a laser beam 6 according to Figure 2 or 3. To do so, the 
beam of light or laser beam 6 is directed at a predetermined angle at materials 2 to be tested, 
deflecting the reflected laser beam or beam of light 7 differently, depending on the length of 
test materials 2. The reflection is analyzed by photodiodes, for example, mounted on a wall at 
the side (in a manner not described in greater detail here). 

25 

In contrast with Figure 2, Figure 3 shows a cantilever spring 8 for determining the length 
extent of test material 2. Such cantilever springs 8 are known from AFM microscopy, for 
example. 

30 The photograph is preferably made by using IR thermal camera 1 in parallel with the surface 
of test materials 2. In this way, the size extent of test materials 2 in particular can be 
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determined and optionally analyzed by a suitable analyzer unit. It is also conceivable for IR 
thermal camera 1 to be designed so that it can be arranged at a certain angle with respect to 
substrate 3. 
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List of reference numbers: 

1 IR thermal camera 

2 test material 

3 substrate 

4 electrode 

5 electrode 

6 beam of light 

7 beam of light 

8 cantilever spring 
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